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Rhythm 2010;7:964–70.Letters to the EditorSudden Death in
Adolescent Athletes
The recent report based on data from the Minnesota State High
School League (MSHSL) is deserving of additional comment.
Lawless (1) and Roberts and Stovitz (2) suggest that the incidence
of sudden cardiac death is far lower than that reported elsewhere,
and, therefore, additional electrocardiographic screening is unwar-
ranted and would produce little added value. That this evaluation
was accomplished with the same database as has been previously
queried by others with different results and is at variance with other
reports is no surprise given the methods (3–5).
Unfortunately, the 4 “during participation deaths” over 20 years
of study do not include athletes successfully resuscitated (n ¼ 8) or
not involved in sports participation at the time of sudden death
(n ¼ 7) or those whose deaths were not reported to the League or
insurers. In this study, there were no less than 19 sudden death
episodes recorded, the majority of which occurred outside the few
hours per week of sports exposure. No data are available as to the
sudden death episodes that would not have been captured by this
database, such as the number of unexplained or sudden deaths or
successful resuscitations in this population in Minnesota during the
same time period. Thus, the numerator in the calculation of inci-
dence of cardiac death in high school athletes may be severely
underestimated. Likewise, the denominator is overestimated by
applying it to all students rather than screened athletes, and the
number of athlete-years is an estimate (approved participation in a
sport does not mean that participation in that sport actually took
place). As a result, estimates of the incidence of sudden death in
this population are markedly understated, and any conclusions
regarding the value of an electrocardiogram are speculative at best.
In reﬁning the pre-participation evaluation, we must consider
that its purpose is to prevent sudden death in athletes in whom a
long and relatively healthy life could otherwise be anticipated and to
afford those at risk appropriate evaluation and therapy. The goal is
not merely to prevent sudden death on the ﬁeld but sudden death at
any time. A small percentage of adolescents die each year withhearts that could support them for many years if they could have
been treated through the acute period of compromise (6). Pre-
venting the loss of decades of life should stimulate creation of a
registry in which all pertinent data are recorded. Such a database
should include outcomes of screening (e.g., reasons for failure,
recommendations, and outcomes) and permit us to further improve
the health of our young citizens. Reliance on National Collegiate
Athletic Association databases, public media reports, and cata-
strophic insurance claims is inadequate.
We need to determine whether we can further reduce the risk of
sudden death in adolescents. If indeed a reduction of such deaths by
virtue of better screening techniques and availability of automated
external devices has occurred, it should be shown in appropriate eval-
uation of the data. It does appear from the Minnesota experience that
we have improved our care sufﬁciently to report more resuscitations
than deaths on the ﬁeld and that screening may have provided the
impetus for further evaluation and treatment in those at risk.*Larry A. Weinrauch, MD
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We thank Dr. Weinrauch for highlighting the complexity of
obtaining accurate assessments of sudden cardiac death (SCD)
rates in sports.
As we stated, the number of SCDs used in our calculations
(i.e., the numerator) “does not include athletes who experienced a
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1932sudden cardiac arrest during MSHSL [Minnesota State High
School League] practice or games and lived, nor does it include
SCDs that occurred outside the auspices of MSHSL” (1).
Dr. Weinrauch implies that we should be counting deaths that
occur “outside of the few hours per week of sports exposure.” We
are unaware of data to suggest that, when not participating in
sports, high school athletes are at greater risk than their nonathlete
peers. The data from Corrado et al. (2) found that >90% of SCDs
in athletes occurred during sports and nearly 90% of deaths in
nonathletes were during sedentary activities. Counting deaths
outside of high school sports suggests that we apply electrocar-
diographic (ECG) screening to all students and view it from a
public health perspective. It is important to recall that many more
students and athletes die of causes unrelated to SCD (e.g., alcohol
and drug, motor vehicle accidents, and suicide) than of SCD.
From a public health perspective, it may be wiser to put more
capital into preventing those noncardiac causes of death through
thorough pre-participation evaluations (PPEs) and developing
emergency action plans with automatic external deﬁbrillators for
each school.
The denominator in this study is likely the most accurate
reﬂection of MSHSL athlete-years available. The unduplicated
athlete number is a summation of 19 years of all athletes. To be
included in this pool, an athlete must be cleared to participate with
a PPE using a standardized form that was introduced in 1992,
coincidentally the ﬁrst year that the unduplicated athlete number
was tracked by the MSHSL, and make the limited rosters of one of
the high school teams (freshman, B squad, junior varsity, or var-
sity). In a Venn diagram, there would be an undetermined overlap
between the sets of athletes in organized programs and athletes in
MSHSL programs. Dr. Weinrauch notes that some students may
have had a PPE and made a team, but then not participated;
we agree that that is possible, but likely rare. Previous studies of
Minnesota athletes by Maron et al. (3,4) and highlighted by
Dr. Weinrauch all used participant estimates for the denominators.
We concur with Dr. Weinrauch’s call for improved databases to
accurately track both the numerator and denominator with regard
to sudden cardiac arrest in young athletes, but the numerator and
denominator must be concordant to reﬂect the actual population at
risk. We would suggest that the issue be addressed with respect to
age groups (6 to 10, 11 to 14, 15 to 18, 19 to 25, and 26 to 35 years
of age), sex, ethnicity, and intensity of activity. Using electronic
versions of the PPE tied to injury tracking programs may make
large-scale studies of interventions such as electrocardiography for
cardiac screening plausible. Rather than jumping headlong into
ECG screening of all athletes with the accompanying ramiﬁcations
of false positives and negatives, it would seem prudent to uniformly
use standardized PPEs across the country and to begin to study the
outcomes in athletes with and without ECG screening.
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It is my pleasure to respond to Dr. Weinrauch’s letter concerning
our paper (1) because it provides a unique opportunity to highlight
some of the broader issues of concern to the sports cardiology
community.
Dr. Weinrauch is not alone in his call for a meaningful, well-
conducted sudden cardiac death (SCD) registry because many ac-
ademicians share his concerns related to methodology, choice of
correct numerators and denominators in the SCD rate equation,
and question of efﬁcacy of electrocardiographic screening in youths
and young athletes in the United States (2). To address these
concerns, a working group convened in April 2010 by the National
Heart, Lung, and Blood Institute (NHLBI) concluded that “this
(ECG) debate will continue unresolved until additional, compel-
ling evidence is provided that either supports or refutes the utility of
screening for SCD in the young” (1). The group called for an
aggressive research agenda, including a prospective registry of SCD
in the young.
Although cardiologists have deﬁned standard outcome measures
for certain interventions (3), the greater sports cardiology com-
munity has not yet done the same for athletic populations. As a
result, comparisons among studies are problematic, and debate
ensues. Some studies deﬁne SCD as death occurring during or
within 1 h of exercise in a competitive athlete. Using this deﬁ-
nition, Danish investigators reported an SCD incidence of 1.21
per 100,000 person-years in athletes, markedly lower compared
with 3.76 per 100,000 person-years among the general population
12 to 35 years of age (4). Alternatively, some studies include
sudden cardiac arrests (SCAs) and resuscitated events. In King
County, Washington, investigators reported an overall SCA/SCD
rate of 2.28/100,000 person-years in the general population of
young people 0 to 35 years of age (5). Just 25% of cases occurred
during or within 1 h of exercise, suggesting that re-calculation of
the SCD rate would bring the ﬁgure closer to, if not lower than,
the Danish numbers. Well-deﬁned uniform metrics in athletic
populations would be of great beneﬁt to the sports medicine and
sports cardiology communities and would allow for greater
consensus, proper clinical trial design, and the development of
proper guidelines. Although resuscitated SCAs certainly qualify as
adverse cardiac events, they may not be suitable for the numerator
